Introduction
A number of patients referred to hospital for investigation of glycosuria are found to be nondiabetic, the glycosuria being due either to a low renal threshold (renal glycosuria) or to a lag curve, in which the blood sugar rises to more than 180 mg/100 ml after glucose but returns to normal within 2 hr. The significance of such non-diabetic glycosuria is controversial. Ackerman, Fajans & Conn (1958) have reported that 63% of such patients develop diabetes but follow-up of diabetic surveys in this country (FitzGerald & Malins, 1970) has failed to * Present address: Maryfield Hospital, Dundee. confirm this. A pointer to those at greatest risk would be of value. The addition of plasma insulin measurements (Yalow & Berson, 1960) (Hales et al., 1968) higher plasma insulin levels were reported in patients with renal glycosuria. In a previous study (McKiddie, 1969) an abnormal insulin response to glucose was found in twentythree of seventy patients with non-diabetic glycosuria, and it was postulated that these twenty-three patients might be potential diabetics.
In order to study further the incidence of diabetes developing in patients originally having non-diabetic glycosuria and the insulin responses of these patients a survey was carried out of patients referred to the diabetic clinic at Glasgow Royal Infirmary between 1954 and 1967 in whom a diagnosis of non-diabetic glycosuria had been made.
Materials and methods
Of 4736 patients who attended the diabetic clinic between 1954 and 1967, 410 had well-documented non-diabetic glycosuria, 262 having renal glycosuria and 148 lag curves. Letters were sent to these patients inviting them to attend for a further test. A large proportion of these letters were returned undelivered as the catchment area of this hospital has been the site of intensive redevelopment. Replies were received from 109 patients of whom eight-nine agreed to attend for a further test, fifty-six with renal glycosuria and thirty-three with lag curves. There were sixty-five males and twenty-four females aged from 20-77 years (mean 51-8). The mean age of those with renal glycosuria (46-9 ± 15) was lower than of those with lag curves (58-8 ± 12) (P < 0-02). The duration of follow-up ranged from 6 months to 13 years. (Table 2 ). Of these, eight were from the original lag-curve group whereas only two initially had renal glycosuria. This difference in incidence is statistically significant (x2 = 5-2365, P < 0-05) but may in part have been due to an excess of older patients in the lag-curve group, as all diabetics were over 50 and only two were under 60 years. The blood sugar and insulin levels of these patients are shown in Table 3 . Patients with renal glycosuria at first GTT Only two of these patients had developed diabetes. The remaining fifty-four were subdivided according to the result of the second GTT as follows: A, normal (17); B, renal glycosuria (26); C, lag curve (11). The mean blood sugar and plasma insulin levels of these three groups are shown in Table 4 . Neither Group A nor B showed any significant change in mean blood sugar level between the first and second GTT but in Group C the mean blood sugar level was significantly higher in the second GTT at 30 and 60 min (P < 0-05, P < 0-01 respectively.)
Mean blood sugar levels were significantly higher at 30 and 60 min in Group B than Group A both in the initial GTT (P < 0-05, P < 0-05) and in the second GTT (P < 0-001, P < 0-01). There was an even greater difference between the mean blood sugar levels of Groups A and C in the initial GTT (P < 0-001 at 30 and 60 min) and in the second GTT (P < 0-01, P < 0-001, P < 0-05 at 30, 60 and 90 min respectively). These differences might in part be due to the effect of age since glucose tolerance is known to decline with age and there was a progressive age rise from Groups A to C. However comparison of smaller samples matched for age and weight produced essentially similar results.
Comparison of plasma insulin levels during the second GTT showed similar differences, Group B having higher insulin levels than Group A at 30, 60, 120 and 150 min (P < 0-02, P < 0-01, P < 0-05, P < 0-001) and Group C higher insulin levels than Group A at 60 and 150 min (P < 0-05, P < 0-02). These higher levels are at least in part attributable to the higher blood sugar levels.
Inspection of individual insulin responses in relation to the range of normal found in our laboratory (Table 5) showed an abnormal response in none of Group A, in 11 (42%) of Group B and in 3(28%) of Group C. The commonest abnormality was an excessive response (12) but 2 patients had a delayed peak response. Patients with lag curves atfirst GTT The thirty-three patients were subdivided on the results of the second GTT as follows: (a) normal (5); (b) renal glycosuria (6); (c) lag curves (14); (d) diabetic (8). The mean blood sugar and plasma insulin levels of these four sub-groups are shown in Table 6 .
Both Groups (a) and (b) showed a fall in mean blood sugar level in the second test, Group (c) showed no change and Group (d) a rise in mean blood sugar levels. The mean blood sugar levels in the initial GTT were similar in all groups.
The mean plasma insulin levels were similar in Groups (a) and (b) but significantly higher in Group (c) (P < 0-02, P < 0-05 at 30 and 60 min) and in Group (d) (P < 0-05 at 60 and 120 min).
The individual insulin responses were judged by our criteria to be abnormal in none of Group (a), in three (50%) of Group (b), in three (21%) of Group (c) and in five (62-5%) of Group (d), the abnormalities being excessive responses in eight and low levels in three.
Patients in whom insulin levels were measured at first GTT In twenty-four patients plasma insulin levels had been measured at the time of the initial GTT when ten had renal glycosuria and fourteen lag curves. Four of the renal glycosuria group had no demonstrable glycosuria during the second GTT, five had persistent renal glycosuria and one a lag curve. Five of the lag-curve group had become diabetic, one had a normal curve and eight persistent lag curves. The individual plasma insulin levels and details of these patients are shown in Tables 7 and 8 . In comr parison with our normal criteria the individual insulin values were abnormal in thirteen patients at the time of the original test. The excessive levels in seven of these patients may have been due partly te obesity though only three of the seven were more than 20% overweight (these three were the only subjects with elevated fasting levels). Four of the thirteen patients with an abnormal insulin response were diabetic at follow-up compared to only one of the eleven with a normal response.
During the second GTT an abnormal insulin response was found in thirteen of twenty-two subjects (in two cases insulin levels were not measured due to a technical error). In eleven subjects the insulin response was abnormal during both tests, two changed from normal to abnormal and two from abnormal to normal. In one of the latter the test was incomplete. The other patient had had numerous boils at the time of the first GTT but was completely well at the time of the second GTT. Of the patients with lag curves initially the mean insulin levels of those who became diabetic were higher in the latter part of the curve than in those with persistent lag curves (Table 9) in both the first and second GTT.
Discussion
This survey has failed to confirm the high incidence of diabetes developing in non-diabetic glycosuria found by Ackerman et al. (1958) . However the period of follow-up is relatively short and the ultimate incidence of diabetes may be much higher. It has already been shown (Hales et al., 1968; Burrows, 1967; Holland, Irwin & Morgan, 1965) 
